ABSTRACT Interactions among people is one of the primary means to acquire knowledge on campus, smart campus systems help us to obtain a clear picture about how network structures influence the performance of knowledge transfer. In this paper, we develop a Wi-Fi hotspot-based mobile application that can collect the student's data by considering the mobile phone as information sensing device. The application collects the data including the partners, the times, and the duration of interactions among people without violating their privacy. Then construct friendship networks by processing the data. Moreover, a new knowledge diffusion model is presented to measure the knowledge spread quantitatively on different network structures, which is different from the epidemic model. Simulation results are provided to illustrate that the proposed is more to satisfy the actual situation. For this model, the knowledge diffusion performance of regular network is better than small-world networks and scale-free networks. Hence, the comparative experiments are made among three classes in two course in terms of the average scores and the standard deviations, the results verify the positive effect of our approach.
I. INTRODUCTION
Nowadays, functions of mobile phone are enhanced, GPS, WIFI and Bluetooth have become the most basic communication hardware, it widely used in our daily life. These features make the mobile phone become an effective information sensing device. Zhou et al. presented a bus arrival time prediction system based on the passenger's participatory sensing information, meanwhile, developed an application to collect GPS data from the passengers [1] . According to this technology, Biagioni et al. [2] developed the EasyTracker mobile application which was deployed on a driver's mobile phone to collect GPS information. Balachandran et al. [3] researched the WLAN users' behavior and its network performance indicators by analyzing the mobile phone WIFI trace data from 195 attendances in the three-day ACM meeting. It was pointed out that users' mobility is related to their habits, at public places such as attending meetings and the campus network. In [4] - [6] , they promoted the research pattern of analyzing agent mobile WIFI detection data, then measuring the users' relationship and mining social groups.
The transition from conventional pattern of middle-school education to active self-study of college is the leap of quality on learning. Self-directed learning (SDL) has been identified as a key skill required for students to encourage knowledge and experience, also creating the broad learning communities [7] , [8] . Different from SDL, the Collaborative learning (CL) having social interaction with peers in the real world can boost students to reflect on their past experiences and thoughts [9] , collaborative learning is important for developing social experiences. The collaborative learning means a teaching method whereby learners get together to learn as a group and help each other to achieve a certain learning target [11] . Self-directed learning and collaborative learning are both the sources of knowledge acquired outside the classroom, also reflect the ubiquitous learning on campus.
With growth in the electronic age of connectivity, it also carries more information gathering power every day to school than previous generations encountered in a lifetime. This powerful information gathering tool, which embodied in student's mobile devices, represents one of the great unknowns of today's educational landscape. Many research teams strived to determine what effect, if any, the usage of mobile devices (e.g. Smartphone, Pocket computer, IPad) had on student self-directed learning, the achievement of mobile devices in classroom settings during studying in school or at home [11] - [13] , and the mobile technology-supported collaborative learning [14] . Lee et al. [15] explored students' perceptions of self-directed learning (SDL) and collaborative learning (CL) with\without technology in a classroom environment. Fu and Hwang [16] reviewed mobile technology-supported collaborative learning from 2007 to 2016, found that the amount of research on mobile collaborative learning increased, and also the connection between new mobile technology and collaborative learning activities became tighter.
Inspired by the studies of mobile device-supported collaborative learning, this paper aims to promote collaborative learning by researching the relationship of the students' communication network. In order to facilitate the study of how communication relationships affect collaborative learning, we abstract collaborative learning into the process of knowledge diffusion, and propose a mobile application based on WIFI hotspot, collect the student communication behaviors, then construct the communication network to investigate the process of knowledge diffusion in campus.
How the network structure affects knowledge diffusion is important to understand the ubiquitous learning on campus. Cowan et al. [17] and Cowan and Jonard [18] analyzed the performance of knowledge diffusion in the relationship network structures, and the best result of knowledge diffusion is obtained when the individuals' relationship network structure
In classic knowledge diffusion model, knowledge epidemic spread in communities, which spread from the target node to all neighbors in social network as Figure 1 (a). In these epidemic models, the knowledge is a kind of common knowledge or information that recipients can absorb information easily. Based on the fact that many types of knowledge diffusion on campus need individuals' energy and time cost, such as the personal questions and spontaneous curiosity. The schema of knowledge broadcast is described as Figure 1 The process of knowledge diffusion is divided into three part: recipient selection, knowledge broadcast and knowledge absorption.
A. CHOOSING RECIPIENTS
Considering the mechanism: the more any two individuals collaborate, the greater the probability that they cooperate again. Hence, we introduce the preferential schema in the process of choosing recipient:
Assuming that individual i is the knowledge broadcaster, C ij is the number of cooperation between individuali and individual j. The probability P j for individual j is chose as the recipient.
B. KNOWLEDGE BROADCAST
If individual i provides knowledge to individual j at time t, the knowledge stock C i that individual j can receive according to:
where m i is the spread activity of individual i, v i (t) is the knowledge stock of individual i in time t.
C. KNOWLEDGE ABSORPTION
Absorption involves an individual incorporating new knowledge and is assumed to be proportional to the difference in knowledge stock between broadcaster and recipient. Formally, when individual i sends knowledge to j, the knowledge stock of j increases immediately according to:
where
According to the Amal Aribi studies [24] , absorptive capacity is a non-linear process, further, Wang et al. [25] introduced the knowledge absorptive capability α j is obtained as:
where α j ∈ (0, 1), d H (k) is the hyperdegree of individual k.
III. SIMULATION RESULTS
For this study, mobile APP was developed and utilized to collect data and construct students' communication network after processing. Using knowledge diffusion model to analyze the effect of different communication networks. Regular network, small-world network and scale-free network were selected from the communication networks which are representative in social network. Finally, calculating the statistic of the average growth rate and the Moran coefficient, and contrast the effect of knowledge diffusion on the different network structures.
A. DATA COLLECTION
The mobile APP was developed based on WIFI hotspots scan service to count the number of student encounters and duration. The APP turns on the WIFI hotspot scan service automatically when people open it (showed in Figure 2) . While two or more students communicate together, the APP collects the number and duration data of student encounters in a limitation signal range, the mobile APP uploads the data to the web server, some irrelevant WIFI hotspot data is filtered during this time. The management UI of Web Server showed in Figure 3 , the statistical data can be exported to MS excel or CSV file by the management system. Hence, the data (One term or half term) are utilized to construct the communication networks (an example showed in Figure 4) .
B. THE AVERAGE GROWTH RATE
The average knowledge stockv(t) and growth rate r(t) of the level of knowledge stock are defined to measure the growth trend. The average knowledge stock level at time t,v(t) is:
hence, the knowledge growth rate r(t) at time t is:
The simulation results showed In Figure 5 .In epidemic model, the scale-free network provides an optimal pattern for knowledge transfer (showed in Figure 5 (a). However, in our knowledge diffusion model, regular network is better than scale-free network (showed in Figure 5 (b). The growth trends of the diffusion models are different. In the epidemic model, knowledge will continue to spread like a virus (Because the epidemic model of knowledge diffusion is inspired by virus infection mechanism).
In our knowledge diffusion model, when the level of one's knowledge stock is close to a certain rank, the growth rate of knowledge stock will gradually decline. In fact, when the level of one's knowledge is high, it is more difficult for a people who want to raise the level of knowledge.
C. THE MORAN COEFFICIENT
The Moren coefficient of knowledge diffusion is also a very important metric for the effect of knowledge diffusion, it reflects the spatial distribution of knowledge diffusion 
where σ 2 (t) is the variance of knowledge at time t,
X(i,j) indicates whether there is a direct connection between individual i and j.
In the epidemic model ( Figure 6(a) ), when the process of knowledge diffusion gets into an equilibrium state, the Moran coefficient obtained in scale-free network is in the vicinity of 0.1-0.2, the regular network has a similar result, but the WS small world network is the worst. In the process of knowledge transfer with epidemic mechanism, the individuals with high knowledge stock level spread the knowledge with the people who connected with him. Hence, in scale-free network, the distribution of all individuals' neighbors following a ''power law'' curve, some low level individuals could get help from others. On the contrary, WS small-world network exhibits a random spatial pattern and its Moran coefficient is in the In our diffusion model (Figure 6(b) ), when the individuals with high knowledge stock level communicate with others, some individuals with low knowledge stock level cannot get some help from high level individuals. With the growth of knowledge stock level, the Moran coefficient of these three networks are rising during the same time. The scale-free network is about 0.8, regular network is nearly 0.6. The results indicated that in our knowledge diffusion model, the performance of the regular network is slightly better than the scale-free network.
IV. EXPERIMENTS
In order to verify the relationship between knowledge diffusion and network structure from the simulation results, we do the experiment with twelve classes and two courses in four semesters, each class has 33 -35 students. The APP collects the student's interaction data while the students discuss with others. Thus, the different interaction network structures are important for the comparative experiment.
For class B1 to B4, students are encouraged to discuss some academic problems with other members in their study groups, the interaction network structure has the characteristic of regular network. For class C1 to C4, students are encouraged to communicate with the members in other study groups, the interaction data can be described as a network whose degree distribution follows a power law, it means the interaction networks of class C1 to C4 are the scale-free networks. After each exam, teachers count up the course scores of the students who used the APP.
Then get the different performances (Starting means the results of a little test at the start of this term. Mid is the middle exam and Final is the final exam at the end of this term) when the semester ends (Table 1-Table 8 ). These courses are 2017s C programming, 2017s Data Structure, Table 1 means the difference between the average score of class A1 and the average score of all students). Growth indicate the changes in average score and standard variance according to:
where G is the growth, F is the final exam results, S is the starting test results and M is the middle exam results.
These classes are A1, B1, C1 to the A4, B4, C4. Figure 7 illustrates the gap of the average score in the class. Figure 8 illustrates the standard deviation in the average score in the class. The results are shown intuitively in the Figure 7 and Figure 8 that the class of the regular communication network (B1, B2, B3 and B4) is better and the standard deviation is becoming less.
V. CONCLUSION
In this paper, WIFI hotspot-based mobile application was developed, it makes the mobile phone as information sensing devices. The APP collects student's communication partners, communication times and time duration without violating student's privacy when it is started, then constructs friendship networks by processing the data. After that, a novel knowledge diffusion model which considers the broadcaster effort, is presented to simulate the process of knowledge transfer in different communication network structures. The performance of this model is measured by average knowledge stockv(t) and Moran coefficient M(t). The results on Figure 5 and Figure 6 provide a realistic theoretical basis for our knowledge diffusion model, meanwhile, the performance of regular networks is better than small-world networks and scale-free networks. Furthermore, the comparative experiments are made among three classes in two course in terms of the average scores and the standard deviations. By comparing the results of these twelve classes (Showed in Figure 7 , Figure 8 ), an objective law can be found that the friendship network structure of the best class is similar to the regular network.
Firstly, by analyzing the diffusion pattern of scale-free network and Small-world network, the scale-free property strongly correlates with the network's robustness to failure. It turns out that the major hubs are closely followed by smaller ones. These smaller hubs, in turn, are followed by other nodes with an even smaller degree. Further, in epidemic model, knowledge spread free in social network. The scale-free network allows for a fault tolerant behavior. If knowledge diffusion process occurs at random and the vast majority of individuals are those with small degree, the likelihood that a hub would be affected is almost negligible. Even if a hub-failure occurs, the network generally is not going to lose its connectedness, due to the remaining hubs. The Small-world networks also have some hub agents and long-range edges, the features hamper the diffusion of the knowledge. However, in this knowledge diffusion model, the individual only communicate with one individual (peerto-peer), also the broadcaster need afford the time and energy cost. If the major hubs are communicating with one of neighbors, other neighbors cannot absorb the knowledge from the hubs. In the perspective of the network layer, the structure of the interaction network is turned into an isolated graph. Hence, the hubs cannot spread the knowledge to an individual in a long distance from their in the networks.
VI. LIMITATIONS AND FURTHER WORK
Due to the uncertainty of individuals' choices, this knowledge diffusion model is limited to represents the process of general individuals' knowledge diffusion. Therefore, we will extend our research of knowledge diffusion and chiefly concerned with improving educational standards.
In this work, the gap of comparative among the experiments is not relatively evident, due to the limitation in the number of samples.
In the future work, by constructing knowledge graph for students, and combining the communication network of students to recommend learning friends for students, enhance the ubiquitous learning phenomenon on campus, and improve the educational effect of college students in a more intelligent way. Also, the extension of our work is planned for more courses in the future.
